Plain language summary
Including patients in the research process has the potential to improve research quality and relevance. The goal of this study was to understand what people with type 2 diabetes mellitus (T2DM) think should be studied and how T2DM research should be done. Another goal was to see whether posting in an online patient research network is an effective way to get this kind of information. We ran a series of discussions on an online T2DM forum on PatientsLikeMe, a website where patients can connect with others and share health information. Participants were asked what their research priorities are and how they would like to be included in the research process. Based on 88 participants who posted in the discussion, we learned that people with T2DM want to see researchers focus on health outcomes in ways that allow patients to
Introduction
Patient input is increasingly being recognized as an important way to improve medical research priorities and procedures. 1 The overall quality, relevance, and impact of medical research stand to increase when the perspectives of those who are most impacted by its outcomes are included. 2, 3 Engaging the patient as an active partner in guiding research allows for the prioritization of issues and outcomes that are important to patients, and ultimately, increases the value of the research. [4] [5] [6] [7] Few studies have examined patients' motivations for engaging in research; however, one study found that patients engage with researchers because they hope to help others with the same medical conditions, learn about their own health, and make research more meaningful to patients. 7 Due to the benefits of engaging with patients, patient involvement is increasingly being extended to all stages of research. Patients are no longer merely subjects but are imparting value as important contributors in the planning, execution, and/or translation of research. [8] [9] [10] Specific activities in which potential engagement is possible include selection of comparators and outcomes, selection of study design, making an analysis plan, collecting data, participating in coding qualitative data and data analysis, reviewing and interpreting results, and translating and disseminating findings to other patients. 11, 12 Patients are engaged most commonly at the beginning of research and less often in the execution and translation of research. However, best practices for when to engage patients in research to yield the most value are as of yet undetermined. 9 There are numerous methods available for engaging patients in research. In a systematic review of research that engaged patients in research design, common methods included focus groups, interviews, surveys, and serving on a study board, with no standout best practice among them. 9 An alternative that has been underutilized in patient engagement in research is an online patient research network. Consulting with online patient research networks can be a fast, reliable, and meaningful means to source information generated by groups of patients who may be more diverse than clinic-based samples. 13 Conducting a discussion online facilitates access to populations that are difficult to reach and who are geographically diffuse, while offering results similar to those obtained from in-person focus groups. 14, 15 Further, online discussions have been used in recent years as a means of rapid qualitative data collection. [16] [17] [18] While patients have been recruited from the Internet to participate in research engagement projects, it remains to be seen whether engaging patients within their own research network community can yield similar quality data in a shorter amount of time compared with traditional methods. 19 One disease with widespread impact in the US is type 2 diabetes mellitus (T2DM), which has reached epidemic proportions, and affects an estimated 30.2 million people in the US with an additional 1.7 million incident cases each year. 20, 21 Given the prevalence of T2DM in the US population, it is important to invest in research that may help address the needs of patients with T2DM and subsequently help reduce the risk of morbidity and mortality. Further, as patient and clinician research priorities differ, with providers showing a greater preference for commercial drug research, it is critical to include perspectives from patients when prioritizing T2DM research, as is being done by Diabetes UK and the James Lind Alliance in the UK. 22, 23 Such priorities have not been as well studied in the US.
Despite the perceived benefit of patient engagement in research, by both patients and physicians, little is known about how and why patients with T2DM may want to contribute to medical research about their condition. 7 Furthermore, there is a lack of qualitative research in diabetes that does not use a clinic-based sample. 24 While such samples are convenient, they may lack diversity in access to services, sociodemographic features, care needs, and priorities. For example, prior research has found that both need for care and care quality differed dramatically between a diabetes clinic with patients who were primarily of a high socioeconomic status and another that primarily served patients of low socioeconomic status. 25 Thus, alternative methods are required to go beyond individual clinics to represent a more diverse cross-section of patients when a random, representative sample is not available. Online patient research networks may be able to fill this gap by facilitating connections with patients, rapidly and without geographic bounds, in a space where they are already engaged and activated with others who share their health condition. 26, 27 The goals of this study were to leverage the collective preferences of an online patient research network of people with T2DM to, 1) determine what areas of research are most important to patients with T2DM, 2) identify ways through which patients want to engage in research, and 3) explore
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Type 2 diabetes patient engagement preferences the value of online patient research network forum discussions as a methodology for obtaining perspectives on patient research priorities and willingness to engage. To achieve these goals, we conducted a series of question and answer discussions on a forum within an online patient research network, PatientsLikeMe (PLM), to source perspectives of patients with T2DM on patient-centered research, including topics, motivations, and logistics of bringing the patient voice into the research process.
Materials and methods Participants
PLM is an online patient-powered research network, designed to offer patients a way to enter and track their own health status, to connect and share health information with peers, and to participate in research studies, regardless of geographic location. 13, [28] [29] [30] [31] The PLM community consists of over 600,000 members with over 2,800 health conditions, including T2DM, who contribute self-reported health and demographic data, making it an ideal source to gather their perspectives on the goals and motivations of patients participating in all phases of medical research.
Procedures
This study used a moderated online T2DM forum to host asynchronous discussions with members of PLM. Two discussion events were held in 2015, each consisting of three to four prompted posts to start discussions among members of the T2DM community. Each post was reviewed prior to fielding by a patient advisor, an active patient member of PLM with T2DM who had previously expressed interest to PLM in advising research projects. Discussions were open for 2-3 weeks each, and any member of PLM who visited the T2DM forum was eligible to post a message in the discussion.
Online forum recruitment was augmented through direct messages sent to all patients with T2DM through the PLM private message system. For each of the two events, three types of messages were sent. The first was an introduction to the upcoming event with a general description of the topics to be covered. The second was a preview message sent through the PLM website with shortened versions of the starter posts. Finally, to further encourage participation, reminder messages were sent along with several quotes from actual posts from participants.
Starter posts were established and monitored daily for activity by a forum moderator (a PLM employee), who had access to all posts in the forum and was tasked with overseeing the discussions to ensure that policies, such as advertising restrictions, were followed and that discussions remained focused on the topic. Moderators in online health communities have an established rapport with forum participants, and it is not unusual for a moderator to post new topics for discussion in order to facilitate discussion activity among members. 32 The T2DM forum moderator was provided with a list of follow-up prompts to use based on possible responses posted by participants. Forum posts were also observed by a researcher as the discussion unfolded so that the researcher could identify unanticipated comments upon which the moderator could ask for clarification or follow-up.
Materials
The first series consisted of three starter posts around the theme of prioritizing research topics and applicability of research to patients with T2DM. Participants were asked what research they felt was most important for people with T2DM, how they felt that current research applies to them, and why they look for information about T2DM (for full text of the starter posts, see Supplementary materials). The first series was open from May 4, 2015 through June 14, 2015.
The second series contained four starter posts on the subject of the logistics of including patients with T2DM in research, including activities, data sources, prior participation experiences, and helping others with T2DM. The first post asked patients to reflect on a list of ways in which patients could be involved in continuing effectiveness research 11 and identify those parts in which they were most interested. Participants were also asked what, when, and how researchers should go about obtaining real-world data from patients, and finally were asked about their own experiences with research participation. The second series was open for 7 days, from December 14, 2015 through December 21, 2015.
The forum posts also included a statement informing patients that the results will be used for research purposes and also be shared with the sponsor (Janssen Scientific Affairs, LLC; see Supplementary materials). This study was approved by the New England Independent Review Board on April 23, 2015 (study number . A waiver of documentation of informed consent was obtained from the New England Independent Review Board as this study involved minimal risk, the document would be the only record linking personally identifiable information with participants, and the principal risk of the research is breach of confidentiality.
Analysis
Demographic information was obtained from self-reported data provided by patients on the PLM member profiles. At the close of each discussion series, each thread was analyzed using conventional content analysis to provide an overview of the themes discussed. 33 Analysis was performed by two coders (KS and a research assistant) trained in qualitative content analysis. First, all posts in each thread were read through to identify initial broad themes. Next, a preliminary code list was developed and then applied to all posts; codes were modified or combined as themes became progressively clearer. 34 Similar themes were aggregated into summary themes when applicable. In this paper, we provide the summary themes or the highest-level themes from each of the discussions and their frequency of mention. Direct quotes from participants were selected to illustrate the themes. Data analysis was conducted using ATLAS.ti, version 1.6.0 (484).
35
Results
A total of 88 individuals, all with T2DM, participated in the discussions (Table 1) . Participants were mostly female (50%), on average 59 years old, white (86%), and over half (62%) resided in the US. Compared with the general T2DM population on PLM, participants were similar in age, while a higher proportion of participants were female, white, and non-Hispanic. Participants were less likely to have reported T2DM as their primary condition (61%; their chief reason for using PLM) than members who report T2DM (80%). Most participants (92%) posted in just one of the discussion series, with 8% posting in both events.
Overall, discussion participants reported a median of four comorbid conditions on their PLM profiles, with the most common being hypertension, major depressive disorder, and diabetic neuropathy. While these rates are higher among participants than PLM members with T2DM in general, this is likely due to a higher level of engagement and data sharing on the website among participants rather than in any actual difference in prevalence among the groups.
series 1 -research topics and applicability
When asked which topics are most important for T2DM research, the topic most frequently mentioned was comorbidities (18/33) as they affect and are affected by T2DM (Table 2, post 1a). As one patient described, serious physical or mental health comorbidities, such as posttraumatic stress disorder (PTSD), can make managing T2DM less of a priority compared with other health concerns:
Mental illness for me pretty much just acts like a multiplier.
When I'm more symptomatic, managing diabetes becomes a really minor thing compared with managing PTSD and Depression.
Other research topics suggested by participants included improved options for control of blood sugar levels and 
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Type 2 diabetes patient engagement preferences understanding of the root causes of T2DM. Several participants expressed disappointment with the lack of scientific discovery and curative treatments in this space.
The disease is manageable, so why waste any more money on incremental improvements in management. Any time spent on anything else except a cure is pretty much killing every one of us.
When asked about how research applies to them, six out of the 10 participants who responded had found ways to directly apply research to their self-management (Table 2 , post 1b). Yet, half (n=5) felt that research did not provide value for them, either as research participants or as consumers of research reports. For example, one patient observed a lack of research relevant to people with irregular schedules:
My job is a bus driver and I work different times every day.
One day I can start at 5 am another I can finish at 1 am.
So I can't eat at regular times and no research I've seen gives any advise [t]o my situation.
In order to supplement the information they received from providers about managing their T2DM, participants sought out information on better tools and treatments aimed to improve their ability to be self-advocates in their care ( Table 2 , post 1c). Some successfully found and applied information from research studies, citing examples about managing their T2DM through diet and exercise. Others indicated they were forced to seek out information on their own due to frustration with inadequate, and sometimes conflicting, information from providers. As one participant described, more information was not necessarily useful. 
series 2 -logistics of patient engagement in research
When presented with a list of ways that patients can be involved in research, many limited their responses to suggesting specific research topics (Table 3 , post 2a). Specific research ideas included incorporating assessment of lifestyle and social factors, using longitudinal methods, and developing and assessing educational programs to support people with T2DM and their caregivers. When discussing their potential engagement in research, participants were not interested in every step of the research process, with two participants framing their participation as a way to apply existing skills, such as education or work experience, to research design.
In a discussion with 18 participants about where and how to get real-world data, nearly half (eight out of 18) were interested in sharing their health data openly with researchers, while two participants gave the caveat that their data should be de-identified (Table 3 , post 2b). The group suggested specific ideas to improve the relevance of research to realworld patients, including gathering data about comorbidities, lifestyle, and social contexts of patients living with T2DM. In addition, specific study ideas included evaluating diabetes education, better understanding lifestyle management, longitudinal studies of T2DM, and understanding T2DM in the 18-30 age range.
Twenty-two participants contributed to the discussion about experiences participating in research (Table 3 , post 2c). Many expressed an interest in being included in research; however, some were unsure of how to go about it. Further, participants' definition of research was broad, and included types of research beyond clinical trials. While six patients said they had participated in research in the past, only one participant specified that the research was a clinical trial, while two indicated they had participated in survey research only. Another group of topics discussed in this thread included barriers to participating in research, such as restrictive inclusion criteria, concerns about effects on comorbidities, and an inability to find information. One participant described a number of concerns about trial participation, including transportation, comorbidities, and worry that their T2DM could get worse:
I have been asked to participate in research. I don't have transportation so that is the main reason I declined. In addition, I have so many other health issues I don't think I would get very far in the screening process. It took me a very long time to get a decent and somewhat healthy A1c number and I would hate to have that change because before I was close to normal I felt terrible. I want to move forward, not backward.
Discussion
This study contributes to the literature on patient preferences for engagement with T2DM research by illustrating some of the topics and types of engagement that patients with T2DM value. In addition, this study uses a unique method to learn about patient preferences for research engagement by hosting a discussion on an online T2DM patient research network. Overall, the consistency with previous studies indicates that an online discussion series is a valuable method for obtaining patient input on research priorities and understanding the ways in which patients may wish to engage with research. Patient priorities in research included managing T2DM along with comorbidities, better control of blood sugar levels, finding a cure, and understanding causes of T2DM among different patients. Participants wanted to be able to directly apply research to their lives, especially around diet and exercise. These findings generally reflect previous research into diabetes patients' priorities in research using other methodologies. 13, 22, [36] [37] [38] For example, one study using three in-person focus groups with 39 ethnically diverse diabetes patients in a primary care clinic identified nine patient research priorities: improving information, lack of public awareness, improving information about food, one-to-one support, health services, prevention and screening, difficulties of comorbidity, value of exercise, and self-management. 36 Similar to previous research, participants in our study tended to prioritize research into nondrug treatments, such as lifestyle changes, over pharmaceutical solutions, with some participants outright questioning the motivations of the pharmaceutical industry to produce beneficial treatments. 22 When it comes to contributing to research, participants indicated that they are both interested in being research subjects and in being partners in research, hoping to apply their skills from their work and educational background to such opportunities. Similar to previous research, participants indicated greater interest in the planning and translation of research than in the execution of research, as these felt more in line with their skills. 19, 39 While one option is to train patients in research engagement, a balance must be struck between the extremes of complete integration through all stages of research as a patient-researcher at one end of the spectrum, which is time consuming and expensive, and tokenism at the other end. 9, 12, 19 This study provides further support for the use of online patient research network discussions to elicit patient perspectives and to generate rich qualitative data. Using an existing patient forum and professional moderator to execute conversations, we were able to carry out the study with established rapport with participants. 32, 40 No participant questioned the motives of the moderator or the use of their data, as this was made clear in the initial starter post. We were able to obtain a relatively large sample size for these discussions compared with previous research in online focus groups. [16] [17] [18] Participants came from around the world in a non-clinic setting to represent diverse perspectives. Further, no transcribing was necessary as all discussion occurred through online messages, decreasing the data cleaning and analysis time. Finally, discussions were able to be completed rapidly, within weeks, and at participants' convenience.
limitations
There are several limitations to this study. First, these data, including diagnosis, are self-reported and have not been independently verified. Second, this sample was from an online community of patients with T2DM and their attitudes may not be representative of the general population of people with T2DM. In particular, the demographic features of participants do not reflect general population estimates with regard to distribution by race and underrepresent individuals living in developing countries, where rates of T2DM are higher. 41, 42 Furthermore, given the international distribution, self-management and exposure to research opportunities may vary based on the participant's location. 25 This sample was diverse in ways that would be difficult to recreate in person, such as the global distribution of participants who were able to interact with each other in a conversational format. However, the conversation was limited to those who could read and write in English. Finally, as a limitation of the methodology, not all follow-up questions were answered, as might have been expected in a face-to-face discussion. As is the expectation in an online forum, participants may come and go from the discussion, and this limited the capacity to continually engage with the same participant over multiple exchanges. Further, participants may not feel obligated to post a response if someone else has already made their point. However, this flexibility in participation also enabled newcomers to review the previous conversation and to add new perspectives, something that would be impossible in a faceto-face focus group or in an online chat done at a set time.
Conclusion
Research priorities for patients with T2DM span issues that have meaning in patients' daily lives, such as managing other health conditions along with T2DM, understanding the causes of T2DM, developing better methods for managing blood sugar levels, and finding a cure. Discussions held within patient research network groups are a valuable method for eliciting patient perspectives. Involving input from patients with T2DM may provide researchers insights that best incorporate the varied perspectives and capabilities of patients and ultimately improve the quality and relevance of research.
implications
As new technologies facilitate opportunities for data collection and synthesis, understanding the complexity of managing T2DM along with comorbidities and lifestyle context will continue to be an emerging area of research. Engagement with online patient research networks is an emerging methodology for eliciting rich and potentially sensitive qualitative information from patients. 16, 27, 30 By leveraging direct-to-patient outreach in an environment where they are already engaged in discussions about their health, we can reach a wider audience at a lower cost with more participant flexibility and in less time than with traditional face-to-face or synchronous methodologies.
Taken together, the findings suggest several areas of research that would be valuable to understand patient experience with T2DM to inform research priorities. First, a better understanding of the barriers presented by comorbidities (eg, mental and physical health conditions) as they may affect adherence to medication and lifestyle change is warranted. Second, engaging patients as research collaborators requires support and responsiveness to patient partners' abilities and preferences, as well as roles and expectations. 43 Initiatives to involve patients in research design must enable patients to contribute in a meaningful way while avoiding tokenism. requires an understanding of the motivations and challenges driving participation. Finally, the results of this study suggest that programs should be developed to educate patients about what kinds of contributions they can make to the research process and to help them leverage their contributions in a way that is meaningful by their own standards, whether as participants, advisors, or as co-investigators.
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